Phylogeography of Soboliphyme baturini, a nematode parasite in mustelids, is explored across Beringia. Sequences of the mitochondrial cytochrome c oxidase subunit I and nicotinamide adenine dinucleotide dehydrogenase subunit 4 genes were evaluated from 37 S. baturini, representing 19 localities throughout Alaska, Canada, and Siberia. A total of 30 haplotypes was recovered and maximum parsimony and Bayesian phylogenetic analyses support the recognition of a single species with a distribution extending from the Palearctic to the Nearctic. Within S. baturini, a host-specific partition in North America between Martes caurina and Martes americana was not identified. Instead, substantial geographic structure within S. baturini relates to the dynamic geological history of this northern region and especially the North Pacific Coast. Beringia and other coastal refugia along the western margin of North America played a large role during stadial maxima in the persistence and divergence of the parasite. Repeated events for biotic expansion and geographic colonization across the Bering Land Bridge and the Holarctic during glacial maxima in the Pleistocene appear to have facilitated at least two episodes of host-switching of this nematode among mustelids in populations now distributed in eastern Beringia.
INTRODUCTION
Few phylogeographic studies of parasites have been initiated relative to free-living organisms, perhaps due to the relatively few parasitologists working in the field of molecular ecology and the generally poor availability of molecular markers and suitable specimens for most parasitic organisms (Criscione, Poulin & Blouin, 2005) . Notwithstanding, parasites are ubiquitous and can provide new insights into the basic questions in evolutionary ecology, including attempts to understand the impact of dynamic range expansion due to changing climatic conditions (Hoberg & Brooks, 2008) . Phylogeographic assessments of parasites can be particularly informative when placed within the context of host phylogeography. In particular, such a comparative approach can provide insight into episodes of host-switching due to newlyarrived hosts or 'cryptic isolating events', where geographic isolation of hosts creates divergence in parasite populations and serves as a driver for diversification (Hoberg, 1995) . Parasites may serve as historical indicators for communities that have responded to dynamic geologic upheaval, such as those experienced by high latitude biota during the Quaternary (Hoberg, 1997) . Nieberding et al. (2004) extended this concept to the population level and illustrated that parasite phylogeography can provide an independent perspective on community assembly and reveal cryptic events that are not evident when viewed solely from the phylogeography of free living organisms. These observations set the stage to explore the history of an assemblage of mustelid hosts and a parasitic nematode to refine our understanding of the role of climate change in shaping community structure in the Holarctic (Rausch, 1994) . Beringia, the high latitude region between the Kolyma River in Siberia and Mackenzie River in the Northwest Territories, played a pivotal role in habitat continuity and faunal diversification in holarctic biomes ( Fig. 1) (Hultén, 1937; Rausch, 1994) . Episodic fluctuations in the expansion and contraction of the ice-sheets and concurrent eustatic variation in sea level during the late Pliocene (5.4-2.4 Mya) and Quaternary (2 Mya) shaped contemporary faunal diversity through alternating cycles of biotic expansion and isolation at intercontinental and regional spatial scales, and through the development of local refugia across Beringia (Hopkins, 1959; Hoberg, 1992; Sher, 1999; Lister, 2004) . In addition to Beringia's role in biotic diversification, the region served as the primary corridor linking Asian and North American faunas (Rausch, 1994; Elias, Short & Birks, 1996; Hoberg, 2005a ) on more than 20 occasions during the Quaternary when the land bridge was exposed. (Hopkins, 1959) . Beringia served as an episodic corridor for expansion and isolation of the northern fauna from the Pliocene into the Quaternary. The inset shows detail of localities in Southeast Alaska. BC, British Columbia; QCI, Queen Charlotte Islands.
The study of biotic interchange between continents was pioneered by Simpson (1940) . Detailed phylogeographic investigations of a variety of faunal and floral elements (Abbott & Brochmann, 2003; Cook et al., 2005; Waltari et al., 2007) are beginning to provide new perspectives on the extent and timing of intercontinental exchange across this high latitude linkage.
Just beyond the southeastern limit of Beringia, phylogeographic studies of terrestrial mammals along the North Pacific Coast of North America have demonstrated a significant phylogeographic structure that likely reflects a complex history of diversification and geographic colonization linked both to Beringia and regions south of the Nearctic (Lessa, Cook & Patton, 2003) . Cyclical stadial-interstadial periods promoted repeated expansion, isolation, and divergence or, in other cases, extinction of high latitude organisms Guthrie, 2006; Hoberg & Brooks, 2008) . In the Pacific Northwest, for example, several species can be further divided into western coastal and eastern continental forms that apparently reflect deep vicariant events that left a strong molecular signature on the biota (Cook, Dawson & MacDonald, 2006) .
The generality of the coastal/continental split now has been documented using molecular genetics across a variety of terrestrial mammals, ranging from soricomorphs, such as the dusky shrew (two deep clades of Sorex monticolus Merriam; , to meso-carnivores [sister species, Martes americana (Turton) and Martes caurina (Merriam) ; Small, Stone & Cook, 2003] , to large carnivores such as black bear (two shallow clades of Ursus americanus Pallas; Stone & Cook, 2000; Peacock, 2004) .
Each of these mammals also supports a rich parasite fauna and these parasites are now being explored from molecular and morphological perspectives. Consequently, Beringia and surrounding areas provide an ideal setting to test fundamental ideas related to geographic colonization and diversification of host/ parasite systems in a region that has experienced substantial climate change and episodic ecological perturbation on varying temporal and spatial scales (Hoberg et al., 2003) . Already, molecular investigations of parasites have provided new insights into processes of diversification and historical biogeography for high-latitude hosts (Hoberg et al., 1999; Wickström et al., 2003; Haukisalmi, Henttonen and Hardman, 2006; Haukisalmi et al., 2008) .
We examine aspects of Beringian biogeography through phylogeographic studies of Soboliphyme baturini Petrow, a stomach dwelling nematode of mustelids found primarily in sable [Martes zibellina (Linnaeus)], American marten (M. americana), and Pacific marten (M. caurina). Distribution of S. baturini is centered in the amphi-Beringian region extending from central Siberia to the Pacific Northwest of North America (Koehler et al., 2007) . This relatively widespread nematode provides an opportunity to test previous hypotheses related to the diversification of its primary mustelid hosts (Anderson, 1994; Carr & Hicks, 1997; Stone, Flynn & Cook, 2002; Small et al., 2003) and we explore the evolutionary history of S. baturini in light of the dynamic geologic events that characterized high latitudes during the Quaternary. We amplify and address the following questions: (1) what is the biogeographic history for S. baturini across Beringia and to what degree have episodic events in the Pleistocene influenced patterns of host association; (2) in North America, is S. baturini genetically partitioned between the two primary mustelid hosts, M. americana (continental) and M. caurina (coastal); and (3) how has this parasite responded to the arrival of novel potential hosts following glacial retreat in these high latitude regions during the post-Pleistocene?
MATERIAL AND METHODS

SPECIMENS
In conjunction with the Beringian Coevolution Project (Hoberg et al., 2003; Cook et al., 2005) , adult and juvenile specimens of S. baturini were obtained from 19 geographic sites across eastern Siberia and the Pacific Northwest (see Supporting information, Appendix S1) (Koehler et al., 2007) . Adult nematodes from North American localities were acquired through necropsies of mustelid carcasses salvaged from commercial trappers. Other samples of S. baturini, including juvenile specimens from soricomorphs (e.g. shrews of the genus Sorex), were obtained through collaborative efforts. A complex life cycle characterizes S. baturini. Adult nematodes mature in the stomach of the definitive host and females release eggs that are shed in feces and deposited in the soil. Eggs are eaten by enchytraeid oligochaetes (intermediate host) in the leaf litter, and juvenile nematodes develop to the infective juvenile (J 3) stage that is then transmitted to mammals (Karmanova, 1986) . Shrews and rodents feed on these oligochaetes and may serve as paratenic hosts that bridge the trophic gap between mustelid and oligochaete, or the nematode may infect the definitive hosts directly through the consumption of enchytraeids (Karpenko, Dokuchaev & Hoberg, 2007; Koehler et al., 2007) . Therefore, at any particular locality, populations of this nematode may occur in several species of mustelids or soricomorphs and, regardless of host, may exhibit minimal genetic variation (Koehler et al., 2007) .
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Specimens from Kamchatka, Russia (Kamchatkan Peninsula) lacked precise locality data. Adult specimens of Soboliphyme jamesoni Read (1952) were collected from Sorex tundrensis Merriam and Sorex roboratus Hollister near Yakutsk, Russia. Adult specimens of adult Soboliphyme abei Asakawa in a longclawed shrew (Sorex unguiculatus Dobson) were from Hokkaido, Japan (see Supporting information, Appendix S1). Nematodes were preserved in 70% or 95% ethanol and stored at -20°C. Each specimen was subsampled, with the mid-section of the body being reserved for molecular sequencing, whereas the head and tail of individuals were archived as physical vouchers deposited in the Museum of Southwestern Biology (see Supporting information, Appendix S1).
MOLECULAR TECHNIQUES
Adult and juveniles, totaling 37 individual specimens, of S. baturini ( Fig. 1 ; see also Supporting information, Appendix S1) were sequenced. Additionally, one specimen each of S. abei and S. jamesoni was sequenced. Total genomic DNA was extracted from individual worms using a commercial kit (AquaPure Genomic DNA isolation kit, Bio-Rad Laboratories). A 351-bp region of the nicotinamide adenine dinucleotide dehydrogenase subunit 4 (ND4) mitochondrial gene was amplified by polymerase chain reaction (PCR) using the primer pair SoboND4F 5′-GGGAGGGCCACTT ACCTTAT-3′ and SoboND4R 5′-GCCACAAACTTC TTCACGTCT-3′. The ND4 gene is well suited for identifying morphologically cryptic species and resolving intraspecific phylogenies (Blouin, 2002) . A 293-bp region of cytochrome c oxidase subunit I (COI) was amplified with the primers SoboCOIF 5′-GCTCA GCTTCGGACAGTTTC-3′ and SoboCOIR 5′-TCATGC AAATGAACATCTAGGG-3′ (Tran, 2003) . PCR products were sequenced using methods described in Koehler et al. (2007) . Annealing temperatures were 53°C (COI) and 67°C (ND4) for 15 s.
Forward and reverse strands were sequenced using an ABI PRISM® 3100 genetic analyser. Ambiguous sites were resolved using SEQUENCHER, version 4.6 (Genecodes). Alignments were made with CLUSTALW (Chenna et al., 2003) . Mitochondrial sequences were translated to amino acids and examined for stop codons to identify potential pseudogenes. Sequences were deposited in GenBank and linked to physical vouchers deposited in the Museum of Southwestern Biology.
DATA ANALYSIS
Phylogenetic analyses were performed to examine relationships among S. baturini from 19 distinct geographic regions. DnaSP (Rozas & Rozas, 1999 ) was used to generate and analyse the haplotype matrices and estimate haplotype and nucleotide diversity (using uncorrected p values). ARLEQUIN, version 3.11 (Excoffier, Laval & Schneider, 2005 ) generated measures of genetic divergence (F ST) using pairwise comparisons. Separate sequences of ND4 and COI were run with MODELTEST, version 3.06 (Posada & Crandall, 1998) and PAUP* 4.0b (Swofford, 2002) to determine the nucleotide substitution models best for the partitioned Bayesian matrix (Ronquist & Huelsenbeck, 2003) . ND4 was best fit with the HKY+G model and COI was best fit with the TVM+G model. Five million generations were run with four heated chains. Trees were generated every 100 generations. Burn in was set at 5000 trees, leaving 45 000 trees to construct 50% majority consensus trees and posterior probabilities. Bayesian analyses were run several times to ensure convergence and insensitivity to priors.
Trees generated from maximum parsimony (MP), minimum evolution (ME), and Bayesian analyses were initially unrooted. Alignments for sequences of S. baturini with either S. abei or S. jamesoni were equivocal due to a high level of heterogeneity and apparently distant evolutionary relationship of these outgroups. Population level analyses were instead rooted based on explicit assumptions about biogeographic origins and temporal criteria as outlined below. MP and Neighbour-joining algorithms were also run with sequences that were translated to amino acids or with the third position of the codons only. The median-joining algorithm (Bandelt, Forster & Röhl, 1999) in the program NETWORK, version 4.1.1.2 (Fluxus Engineering) was used to create a haplotype network that was subsequently superimposed over a map of the region created using ArcGIS, version 9.0 (ESRI).
RESULTS
The COI matrix contains 293 bp (14 variable, six parsimony informative). The transition/transversion (ti/tv) ratio is 4.02 and nucleotide frequencies are A = 19.67%, C = 13.76%, G = 23.73%, and T = 42.83%. The ND4 matrix contains 351 bp (44 variable, 30 parsimony informative) with ti/tv of 7.08 and nucleotide frequencies are A = 25.12%, C = 8.02%, G = 37.83%, and T = 29.03%.
GEOGRAPHIC DISTRIBUTIONS AND PHYLOGEOGRAPHY
Clear partitions among populations of S. baturini across Beringia were demonstrated based on combined sequences of ND4 and COI (647 bp) and 30 haplotypes assessed in Bayesian analyses (Fig. 2) . Three primary clans (Wilkinson et al., 2007) were identified: Russia, Interior Alaska and Coastal Alaska, and British Columbia. Two Russian samples form a basal polytomy to all samples. Within the coastal clan Admiralty Island samples are basal and substantial partitions are also evident relative to Vancouver and Queen Charlotte Islands. By contrast, minimal structure and divergence is indicated within populations in Interior Alaska or within the Alaskan coastal zone and Interior British Columbia populations.
MP, ME and Bayesian trees (not shown) that explored geographic variation among populations of S. baturini were rooted with S. abei and S. jamesoni. None of these trees was explicit in revealing basal or ancestral geographic associations for S. baturini and all analyses were associated with low support values and conflicting topologies. For these genes, S. abei and S. jamesoni appear to be too divergent (average divergence 27% ND4 and 21% COI) from S. baturini to reliably be used as outgroups. Hence, these data were insufficient for determining the directionality of expansion events across Beringia.
Secondary criteria based on assumptions about historical biogeography were applied to provide an alternative justification to root trees for populations of S. baturini. Within the genus Soboliphyme, seven of nine species are endemic to Eurasia, so this region was postulated as the ancestral range for Soboliphymatidae. These criteria are consistent with origins in Eurasia for S. baturini and constitute the justification to specify a population from the Russian Far East as basal for purposes of establishing a root for population-level analyses.
PATTERNS OF INTRASPECIFIC MOLECULAR DIVERSITY
Haplotype diversity of the combined COI and ND4 genes was high in each of the three regions (Table 1) , whereas nucleotide diversity was higher for both Coastal and Far East clans and lowest for interior Alaska. Overall genetic divergence was lowest in Interior Alaska and highest in the Coastal clan. Within the later, the three insular populations found in M. caurina (Admiralty, Queen Charlotte Islands, Vancouver) were the most divergent.
The haplotype network (Fig. 3 ) reveals three major clans (Asian, Interior Alaskan, and Coastal) that correspond to discrete geographic regions and reflect the contrast between nucleotide and haplotype diversity. This network has a 'dumbbell' shape that reflects higher levels of diversity and divergence on the western (Russia) and southeastern edges (North Pacific Coast) of the distribution. Deeper divergence contrasts with a relatively shallow star topology 
DISCUSSION
Macroparasites serve as fine-scale and independent indicators of biogeographic history for their associated hosts by linking events in evolutionary and ecological time (Brooks & McLennan, 1993 Hoberg & Klassen, 2002; Hoberg & Brooks, 2008) . Our exploration of S. baturini across Beringia reveals a complex history of biotic expansion involving substantial geographic and host colonization consistent with a broader process for taxon pulses that have structured this fauna (Hoberg & Brooks, 2008) . In North Whether faunal exchange between Asia and North America during the Pleistocene was symmetric has long been debated (Simpson, 1940; Rausch, 1994) . Waltari et al. (2007) examined the overall trend in patterns of geographic colonization based on phylogeographic analyses and found nine of 14 organisms showing eastward expansion across the Bering Land Bridge. Studies on cestodes of arvicoline rodents (Haukisalmi et al., 2001 (Haukisalmi et al., , 2002 (Haukisalmi et al., , 2006 (Haukisalmi et al., , 2008 Wickström et al., 2003) and nematodes among lagomorphs and artiodactyls (Hoberg, 2005a ) also reported eastward expansion from the Palearctic. This eastward colonizing trend likely relates to differential availability of source populations. Western Beringia had a porous border with central Asia during full glacial events (Anderson & Borns, 1997) , whereas eastern Beringia was completely isolated from the remainder of North America (Rausch, 1994) . Phylogenetic analyses based on the nuclear small subunit 18S gene and mitochondrial COI gene have indicated that the genus Soboliphyme is sister to other Dioctophymida among the basal zooparasitic nematodes (Rusin et al., 2003; Koehler, 2006; Meldal et al., 2006) . Soboliphyme baturini represents a single widespread species and shares a sister-group relationship with an assemblage of eight other Soboliphyme spp. that is otherwise only associated with soricimorph hosts (Ribas & Casanova, 2004; Koehler et al., 2007) . Only one of these, S. jamesoni, is also found in North America in the shrew, Sorex vagrans Baird (Read, 1952) . Primarily a parasite in mustelids, S. baturini also has been reported in 31 other species of mammals, although most are either incidental definitive hosts or paratenic hosts. This nematode apparently readily switches among marten (M. americana, M. caurina), ermine (M. erminea Linnaeus), or mink (N. vison (Schreber)) at any particular locality throughout its geographic range in North America. Martes spp., however, may represent the primary source for nematodes across this broader array of mustelids (Koehler et al., 2007) . Among mustelid definitive hosts, the highest prevalence for S. baturini has been reported in Martes spp. from Siberia and Southeast Alaska (Kontrimavichus, 1985; Karmanova, 1986; Zarnke et al., 2004) .
Molecular variation across the geographic range of S. baturini is essentially partitioned into three primary clans (Asian, Interior Alaska, and Pacific Coastal). Although individual clans for populations of S. baturini were supported, a basal clade could not be unequivocally identified when either S. abei or S. jamesoni were included as outgroups. Consequently, at this time, the direction of interhemispheric colonization of S. baturini is equivocal, All nine species of Soboliphyme, except S. baturini, are found as adults in soricimorphs. The relationship of S. baturini to the remaining species of Soboliphyme has a direct bearing on interpretation of the timing of putative host switches between mustelids and soricimorphs. If S. baturini diverged early in the history of the Soboliphymatidae (or is the sister for an assemblage of species in soricimorphs), then all the extant, soricimorph-dwelling species of Soboliphyme may be too divergent for the purpose of rooting with this set of molecular markers.
Our leading hypothesis regarding the directionality of colonization between Asia and North America favors an eastward expansion for S. baturini along with the ancestor to M. americana/caurina. Two species of Soboliphyme are Holarctic, whereas the other seven are endemic to the Palearctic, perhaps lending support to a Palearctic origin. The presence of Soboliphyme in the Nearctic would then be consistent with independent colonization of North America by the Holarctic species, S. jamesoni (in shrews of the genus Sorex) and S. baturini (in Martes), during the Pleistocene. Host-switching between shrews and mustelids by an ancestral Soboliphyme would have occurred in the Palearctic. Geographic colonization of S. baturini extending eastward across the Bering Land Bridge coincided with expansion for the ancestral form of M. americana/caurina that apparently entered North America 65-122 Kya (Anderson, 1994) in the midWisconsin. Subsequent and sequential geographic colonization along the coastal archipelago, mediated by M. caurina, may have occurred along the Pacific Coast west of the Coastal Range to south of Washington and later east to Wyoming (Fig. 3) .
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Low levels of genetic differentiation in coastal populations would be predicted if distributions represent a more recent (last glacial maximum, 15 Kya) eastward expansion from Asia because these populations would be the most recently founded. Conversely, an older expansion, consistent with the first entry of marten into North America (65-122 Kya; Anderson, 1994) might be reflected by deeper interpopulation divergence. Indeed, high levels of divergence characterize the Coastal clan of S. baturini and likely reflect the long-term persistence of these insular populations. These highly-divergent populations may be attributed to the existence of ice-free refugia in the Alexander Archipelago during the late Wisconsin as has been proposed based on geologic evidence (Carrara, Ager & Baichtal, 2007) and phylogeographic studies of other mammals (Fleming & Cook, 2002; Cook et al., 2006) .
If S. baturini occurred in the ancestor of M. caurina and M. americana that originally colonized North America, the parasite may have been subsequently lost (Paterson & Gray, 1997) in M. americana when isolated in an eastern continental refugium in North America during the late Pleistocene. Martes americana later acquired (or re-acquired) S. baturini from M. caurina or other mustelids when the Pacific Coast marten colonized the Pacific Coast (Fig. 4) in the Holocene (Small et al., 2003) . Farther north, M. americana independently expanded westward, tracking degalciation into interior Alaska during the Holocene (Graham & Graham, 1994) , where S. baturini may have been acquired from other mustelids that persisted there during the Pleistocene, such as wolverine (Gulo gulo (Linnaeus) or the extinct M. nobilis, whose fossils may actually represent large M. caurina (Al-Suwaidi et al., 2006) . In Asia, sable (M. zibellina) were considered to be a valued furbearer for over 2000 years but were almost exterminated by the 1600s (Bakeyev & Sinitsyn, 1994; Ma & Xu, 1994) . Efforts to restore populations began in the 1940s, resulting in the translocation throughout Russia of over 18 500 M. zibellina from Kamchatkan and Buryatian (near Lake Baikal) source populations (Monakhov, 2001) . That history of deliberate introductions combined with our limited sampling in Asia precludes a rigorous exploration of phylogeographic variation of S. baturini in eastern Asia. Nevertheless, significant phylogeographic structure uncovered for this nematode in Asia appears to contradict the Koehler et al., 2007) . Arrows indicate proposed routes of migration following the latest glacial retreat. purported widespread extirpation of the sable followed by introduction from a limited number of source populations. Hence, genetic and morphological studies suggest that geographic structure in Kamchatkan sable was not entirely influenced by human translocations (Balmysheva & Solovenchuk, 1999a, b; Monakhov, 2001; Dubinin & Valentsev, 2003) .
Molecular geographic variation in a few other parasitic helminths has been explored across this region. For example, at a deeper temporal scale, Trichinella spp. demonstrate multiple expansion events from Eurasia to the Nearctic with carnivore hosts including mustelids coinciding with different glacial maxima during the Pleistocene (Zarlenga et al., 2006) . Speciation events for Trichinella were also apparently driven by sequential episodes of biotic expansion and isolation in the context of stadial-interstadial cycles. Soboliphyme baturini contrasts with this system suggesting instead an instance where parasites may have failed to speciate (Brooks & McLennan, 1991; Johnson et al., 2003; Hoberg, 2005b) in geographic isolation along the North Pacific Coast and habitats south of the Laurentide-Cordillera ice sheets.
IN NORTH AMERICA, DOES S. BATURINI REFLECT THE COASTAL/CONTINENTAL SPLIT OF ITS HOSTS
Cospeciation or recent host colonization events (i.e. host-switching) comprise two possible hypotheses that may account for the distribution of S. baturini among a variety of mustelid hosts, but these mechanisms produce different expectations. First, if cospeciation was the primary mechanism, then one would expect parasite lineage partitioning specific to each mustelid species that it inhabits. If this host-parasite association extends back to the origin of this Holarctic mustelid clade, then the absence of S. baturini in the European mustelids, Martes foina Erxleben and Martes martes Linnaeus would be the result of 'missing the boat' (Paterson & Gray, 1997) or extinction. Alternatively, the host distribution of this nematode could reflect ecological fitting where the parasite tracks resources in the host, rather than the host itself (Janzen, 1985; Brooks et al., 2006) . Preliminary assessment of this nematode/mustelid association indicated rampant host-switching (Koehler et al., 2007) and this expanded analysis also is consistent with the concept of ecological fitting (Hoberg & Brooks, 2008) .
Fossil evidence suggests that ancestors of North American marten (M. americana and M. caurina) diverged from those of the Asian sable, M. zibellina, following arrival in the Nearctic via the Bering Land Bridge during the late Pleistocene (65-122 Kya) (Anderson, 1994 (Merriam, 1890; Cook et al., 2006) . Pacific marten likely diverged from an ancestral form when isolated in low latitude coastal refugia during glacial advances in western North America. During the late Pleistocene or early Holocene, populations of Pacific marten apparently recolonized northward along the coast and also eastward to Wyoming (Small et al., 2003) , with the distribution of S. baturini in North America most closely approximating the Pacific marten. Indeed, deep phylogeographic structure across island nematode populations mirrors that of corresponding insular populations of the Pacific marten.
By contrast, M. americana, is thought to have inhabited Pleistocene refugia well east of the Rocky Mountains. During the Holocene, the molecular data suggest that this species expanded north and westward tracking the retreat of Cordilleran and Laurentide ice (Small et al., 2003) , a conclusion supported by the fossil record (Graham & Graham, 1994) . The fossil record (Anderson, 1994) indicates that Martes americana) moved westward across western Canada into eastern Beringia (interior Alaska) within the last 10 000 years (Pielou, 1991: fig. 1.3) , thus establishing the Holocene as the period for colonization of these northern Alaska populations by this parasitic nematode. Independent colonization of coastal, southeast Alaska by this eastern marten likely would have occurred even later as ice-free corridors opened through the high coastal mountains linking interior British Columbia with the narrow strip of mainland along coastal Southeast Alaska and British Columbia (Pielou, 1991; Small et al., 2003; MacDonald & Cook, 2007) . These independent colonizations of interior Alaska and Southeast Alaska led to at least two independent contacts with S. baturini. Hence, only these far western populations of M. americana are currently infected with S. baturini.
In summary, this nematode/mustelid association was shaped largely by climate and the dynamic geologic history of the Beringian region. Host-switching and geographic colonization served as substantial drivers for contemporary distributions and these patterns are consistent with a developing synthesis linking processes for ecological fitting, oscillation, and taxon pulses as determinants of faunal structure for parasites (Hoberg & Brooks, 2008) . Host colonization of M. americana by S. baturini occurred twice in the Holocene: once upon arrival of M. americana in Southeast Alaska and also when M. americana colonized interior Alaska in the Holocene. Future studies of this system should investigate DNA sequence variation from independent loci, more extensive geographic and host sampling of the nematode across this vast region, and more intensive population-level sampling, particularly for the highly-differentiated insular populations along the North Pacific Coast. In addition, a resolved phylogeny for all nominal species of Soboliphyme may further clarify our understanding of deeper evolutionary history, including host associations among mustelids and soricimorphs and the direction and timing of faunal exchange across this high latitude nexus.
